Introduction: Despite the recent expansion of clinical studies allocated to Brazil, the delay of local regulatory deadlines directly impacts their completion. Objective: This article examines the allocation process of clinical studies to Brazil in comparison with other countries, as well as the financial impact of studies not completed due to interruption caused by the delay in the regulatory process. Method: The allocation processes of studies were compared in nine countries with similar stages of economic development and countries in Latin America using the websites http://data.worldbank.org/data-catalog/GDP-rankings-table and http://worldpopulationreview.com and clinicaltrials.gov, comprising 185 countries. The 46 studies sponsored by the pharmaceutical industry underwent an analysis of the regulatory review process. Results: 46 studies sponsored by the industry and submitted in the country between June 2007 and June 2013 were analyzed; 18 (39%) were discontinued due to the delay in obtaining the necessary approvals. For the approved studies, patient recruitment began an average of 11 months after the other countries. It is estimated that 530 Brazilians patients did not have the opportunity to participate in these studies. Financial losses were to the order of 14.6 million dollars for the country, including patient, medication and supplies costs, and expenses. Conclusion: Brazil has enormous potential for the realization of clinical studies. Researchers, associations of disabled people and patients with chronic diseases, sponsors and the authorities must work together to develop an approval process that is efficient, predictable and, most of all, transparent. The current regulatory environment must and can be improved and optimized in order to result in tangible benefits for patients, society and the country's scientific development.
introduction
Brazil is the largest country in Latin America with impressive socioeconomic indicators. In 2013, the population was estimated at 200 million people (the 5 th largest country in the global ranking) 1 with gross domestic product (GDP) of USD 2,245,673 (7 th place in the global ranking). 2 In 2012, the Brazilian pharmaceutical market was the 6 th largest in the world, totaling USD 29,112 million in sales. 3 In addition to being a favorable economic environment with a solid culture in regulations in accordance with good clinical practices, Brazil has researchers and teams that are well trained and prepared. Clinical research centers have attracted important international investments in the last decade, that in part resulted in the amount of clinical studies allocated to the country: 16 phase 2 and 3 studies were sponsored by the industry in 2002 compared with 103 studies in 2013, which is a 540% increase. 4 The regulatory process for the implementation of a clinical study in Brazil requires assessment and approv-al in two instances at the Ministry of Health: an ethical approval by the National Commission of Research Ethics (Comissão Nacional de Ética em Pesquisa, CONEP) and logistics approval by the National Health Surveillance Agency (Agência Nacional de Vigilância Sanitária, ANVISA). In practice, two ethics committees -one institutional (Research Ethics Committee -Comitê de Ética em Pesquisa, CEP) and one national (CONEP) -approve the same documentation.
Ethical approval is a process with various stages. In the first stage, a coordinating research center must be selected and the study protocol and related documents must be approved by the CEP of that center, certified by the CONEP. Next, the regulatory documentation already approved by the CEP of the coordinating center must be forwarded for approval by the CONEP. Once final approval is granted, in the case of multicenter studies, all documentation must be presented to the CEP of each research center. In other words, two Ethics Committees -institutional and national -approve the same documentation. For the assessment by ANVISA, the sponsor of the study should provide a description of the study, as well as related supplies (medication, lab kits, and equipment). After approval it is also necessary to obtain an import permit for the supplies needed to start the study. Additionally, a new license must be obtained for each import. It is interesting to point out that in other countries there is only one ethical approval stage, versus the two stages in Brazil (CEP and CONEP) for multicenter studies. 6 Although there has been a notable expansion in the number of studies allocated to Brazil in recent years, its effective participation is not guaranteed as the time for obtaining all regulatory approvals is unpredictable. Suspension of the approval process is not uncommon in the country after the end of recruitment of study in other countries, which are more efficient in obtaining the required approvals. It should be noted that in the long process for conducting clinical trials sponsored by the industry, accounting for around 62% of clinical research, the allocation of such studies to various countries is an essential stage where management teams select countries and regions able to meet aggressive recruitment deadlines, providing not only high quality data, but respecting the regulatory environment to ensure patient protection. 7 Finally, in January 2012 a new electronic submission process was initiated in Brazil, the "Brazil Platform", developed by the Federal Government to receive research projects from CEPs across the country. This tool replaced the National Information System on Ethics in Research involving Human Beings (SISNEP), with the initial objective of providing greater safety for the registration and monitoring of research. This study aims to analyze the allocation of studies in Brazil in comparison with other countries considered relevant, and to assess the impact of the regulatory process on completion of such studies, including the loss of investment in the country.
Method

Study allocation
For the purpose of comparing the study allocation process, nine countries were selected: Overview of the regulatory approval process and financial impact We analyzed 46 studies sponsored by the industry with the regulatory approval process starting between June 2007 and June 2013: 28 (61%) were successfully approved and 18 (39%) studies were interrupted during the regulatory process due to the conclusion of patient recruitment by other countries.
For the 28 studies approved in Brazil, the periods of approval by the CEP, CONEP and ANVISA were analyzed. The date of the first patient included in the study in Brazil in relation to the rest of the world was also assessed.
For canceled studies, the financial loss was estimated based on the budget originally planned for these projects:
• Patient costs: procedures reimbursed to the research center, researcher or team for conducting visits, study procedures and complementary examinations. The estimated amounts were based on an average of the Brazilian values, except for the laboratory tests that were calculated at 2.5 times the standard price of the Brazilian Medical Association's recommendation list; • Medication costs: costs directly related to the price of medication during the study period; • Study supplies: equipment-related costs, import taxes and logistics for distribution of drugs; • Administrative expenses: costs related to translation and revision of documentation for submission of the protocol, fees etc.
results
Study allocation
As the Gross Domestic Product (GDP) was used as one of the criteria for the selection of countries, it is not surprising that most of the countries analyzed report similar GDPs (with China and Argentina as exceptions in this example). According to the data available on clinicaltrials.gov, a total of 2,777 phase 2-3 studies sponsored by the industry were carried out worldwide in 2012, a decline of 15% compared to 2007 (n=3,292). For the BRIC countries, despite the total variation for the group of countries being almost zero, there is a marked difference between the increases in Russia (11.7%) and China (51.1%) compared to the reductions noted in Brazil (11.7%) and India (54.7%). On the other hand, Argentina (135) and Mexico (136) maintained their participation with about 30% more studies than Brazil (106) in 2012 (Table 1) . Additionally, compared to Argentina and Mexico, Brazil presents a significantly lower density of clinical studies (number of studies divided by the estimated population in millions).
Overview of the regulatory approval process and financial impact in Brazil
The data relating to regulatory approval times were only considered for the 28 studies approved. The average for approval in the CEP was 46 days (7-248 days) with a substantial increase in deadlines for CONEP (175 days; 62-362 days) and ANVISA (168 days; 9-328 days), adding an average of 6 months to the regulatory approval process. Compared to other countries, our time for obtaining approval leads the country to start recruiting patients (first visit by the first patient -FPFV) an average of 11 months (328±120 days) after the other countries (Table 2) . Based on the domestic data obtained, other countries are ready to start recruiting 120 days after receiving the documentation to begin the regulatory process. For the 18 studies canceled, the deadlines are much larger and could not be assessed due to cancellation before completion of the regulatory process. Based on the available data, 10 months (296±88 days) was the average time between the first submission to the CEP until the final decision to cancel the study in Brazil, as all the other countries had already finished recruiting patients. It is estimated that at least 530 Brazilian patients did not have the opportunity to participate in these 18 clinical trials in various therapeutic areas (Table 3) given that most of the studies are competitive. The estimated financial losses are to the order of 14.6 million dollars for the country, including patient costs, medication, supplies and administrative expenses. On average, each patient represents a cost of USD 27,500 per capita or about USD 811,700 per study. It is worth mentioning that this analysis did not include the costs effectively borne by the Brazilian health system with such patients during this period.
If
discussion
The introduction of a new drug on the market is a long process lasting 10 to 15 years. On average, only five in every 5,000 to 10,000 compounds analyzed begin the clinical trials phase, with only one approved. 8, 9 It is estimated that two in every ten medications commercialized create revenues that exceed those of research and development (R&D) costs. 10 Considering that indicated above and the fact that since 2000 pharmaceutical companies *Exchange rate based on the annual value established by the company, varying according to the year that the regulatory process of the study began; **Low medication costs are due to the value established by the global team for selling medication to countries at the time of the allocation of the study; NA: not available for analysis.
have invested more than half a trillion dollars in R&D, including an estimated 51.1 billion dollars in 2013, [1] [2] [3] 11 there must be efficient mechanisms for managing the process of high-risk drug development. 12 It is indisputable that the ethical review of research involving human beings is essential for protecting the rights and safety of research subjects, while also promoting socially beneficial research and protecting research subjects from harm and indignity, maintaining trust between researchers and society. 5, 13, 14 However, in practice, the current process in Brazil is not only time consuming, requiring duplication of effort by researchers, Ethics Committees (institutional and national), ANVISA and sponsors, but also deprives the Brazilian population and researchers from participating in innovative clinical studies involving new drugs and also medical devices and equipment not yet employed in the country.
In 2008, an independent report prepared by the clinical research community had already indicated structural and operational problems that have prevented Brazil from obtaining good results in clinical research. At that time, certain measures, such as the complete decentralization of the CEP-CONEP system for multicenter studies with foreign participation, adoption of a single assessment system, tacit approval, as well as the elimination of the requirement to submit a document for approval in the country of origin, had already been proposed to improve the system, 7 although nothing was implemented. The double ethical approval (CEP and CONEP) for phase 1-3 studies or any clinical study involving foreign co-participation required by the Ministry of Health in Brazil is one of the stages that cause the most delays in the regulatory approval process. It is noteworthy that this legislation is not in line with other countries in Latin America and worldwide, which require only one ethical assessment stage.
Considering that Brazil starts recruiting patients an average of 328 days after other countries, it is clear that several additional patients could have participated in the clinical studies carried out in the country if there had been more time for recruitment. Christie et al. assessed the impact of the delay in the approval process in a cancer study in Australia and concluded that, in the final analysis, a 2 month delay in this process could be responsible for 60 avoidable deaths from cancer per year. Although not all clinical studies can save lives, each patient for whom participation in a clinical study is prevented as a result of these delays misses a significant opportunity to receive access to innovative treatments. 15 The ethical review was developed to ensure the protection of patients, but this precept is not always observed. As an example we can cite the ISIS-2 study on acute myocardial infarction, where the comparison between the requirements necessary in the USA and United Kingdom in the ICF of participants estimated around 10,000 unnecessary patient deaths attributed to factors that reduced recruitment. 16 Eighteen (39%) of the 48 studies analyzed were canceled during the approval process due to impractical deadlines noted with the CONEP, ANVISA or both, emphasizing the country's inefficiency to compete in the clinical research environment. It should be noted that not only were none of these studies "purely" placebo-controlled but also the sponsor had agreed to provide assistance and medication after the completion of the study to all patients, as required by local regulations. In other words, the issues that are commonly subject to discussion in the study approval process were properly addressed. This shows a process that makes it increasingly difficult to conduct international clinical studies sponsored by the industry in Brazil. Even so, in studies in which Brazilian researchers obtain regulatory approval before the end of recruitment, the country presents excellent performance, including a significant number of patients in record time, showing the high capacity of clinical research centers in Brazil. [17] [18] [19] It is estimated that these 18 studies alone represent a loss of financial investment of more than 14.6 million dollars. The financial losses are even more dramatic if we take into account other countries with similar geographical, cultural or economic features as the basis for potential studies that might have been allocated to Brazil: USD 32.5 million compared to the BRIC countries and USD 24.3 million compared to Latin America.
The latest preliminary assessment after implementation of the "Brazil Platform" shows that there are still shortcomings, as there was a significant increase in the regulatory deadlines, especially at ANVISA. According to ABRACRO (the Brazilian Association of Representative Organizations of Clinical Research) only 12 (14%) of the 85 protocols recently submitted (Jan/2013 to Mar/2014) to the CONEP and ANVISA, which would benefit around 4,971 patients and many researchers, have already been approved by both organizations. Additionally, during the same period, the CONEP was able to evaluate 30% more studies than ANVISA. 20 This recent analysis may still reflect a continuous process of adapting to the new electronic tool, which could improve over time. However, not only training remains necessary, but also the implementation of important changes in order to make the platform more flexible, user-friendly and transparent to all the parties involved, including the public.
Unfortunately, in view of all the foregoing, clinical studies management teams currently only accept and commit to participate in projects with a large numbers of patients and long recruitment periods (more than 9 months at least), making the country a non-competitive environment in the clinical research scenario. Indeed, this impact can already be seen from the analysis of the number of studies that could potentially have been conducted across the country compared to the performance observed in other Latin American and BRIC countries.
Finally, there are some further important points to consider. In addition to the fact that the results of studies conducted in high-income countries with different characteristics compared to those in our country may not always be repeatable within the Brazilian population, it is essential for Brazilian researchers to have the opportunity to contribute to the discussion and design of clinical studies in which they participate, as many renowned Brazilian researchers have been invited to contribute to national and multinational clinical research protocols.
In addition to the actual measurable financial losses, there is also an important impact on the country's "image": Brazil is becoming a more and more difficult country for working with clinical research. In the opposite direction, Russia, China and India have been working in close collaboration with the European Medicines Agency (EMA), instituting similar standards of approval and management of studies, 21 and thereby making them more attractive for the allocation of studies.
Several actions could be implemented to speed up the process: given that the CEPs are certified by the CONEP, they should have the autonomy to approve studies without the endorsement of the latter. In addition, issues related to the informed consent form and other are recurrent. This point has sparked countless discussions and the eventual withdrawal of certain industries and access to medication after the study, which would certainly diminish efforts and optimize the deadlines for approval. The proposed amendments already indicated in 2008 7 still remain the main factors to promote a change in the current scenario in Brazil.
Several civilian organizations such as patient associations, the Brazilian Medical Association (AMB), the Brazilian Society of Pharmaceutical Medicine (SBMF), Interfarma, as well as the recently created Clinical Research Alliance of Brazil 22 are united in initiatives to improve the regulatory scenario in Brazil.
conclusion
Brazil has an enormous potential for the conduction of clinical trials. Researchers, associations of disabled people and patients with chronic diseases, sponsors and the authorities must work together to develop an approval process that is efficient, predictable and, most of all, transparent. The current regulatory environment must and can be improved and optimized in order to achieve tangible benefits for the patients, society and the medical/ scientific development of the country.
resuMo
Impacto da avaliação regulatória em estudos clínicos no Brasil Introdução: apesar da recente expansão de estudos clí-nicos alocados para o Brasil, a demora dos prazos regulatórios locais impacta diretamente em sua realização. Objetivo: este artigo analisa o processo de alocação de estudos clínicos para o Brasil em comparação a outros países, bem como o impacto financeiro dos estudos não realizados em decorrência da interrupção pela demora no processo regulatório. Método: foram comparados os processos de alocação de estudos em nove países com estágios semelhantes de desenvolvimento econômico e países da América Latina através dos sites http://data.worldbank.org/data-catalog/ GDP-ranking-table, http://worldpopulationreview.com e clinicaltrials.gov, que engloba 185 países. Os 46 estudos patrocinados pela indústria farmacêutica tiveram o processo de avaliação regulatória analisado. Resultados: foram analisados 46 estudos patrocinados pela indústria submetidos no país entre junho de 2007 e junho de 2013; 18 (39%) foram descontinuados pelo atraso na obtenção das aprovações necessárias. Para os estudos aprovados, o recrutamento de pacientes começou, em média, aos 11 meses após os demais países. Estima-se que 530 pacientes brasileiros não tiveram a oportunidade de participar desses estudos. As perdas financeiras foram da ordem de 14,6 milhões de dólares para o país, incluindo custos com paciente, medicação, suprimentos e despesas administrativas. Conclusão: o Brasil tem um enorme potencial para a realização de estudos clínicos. Investigadores, associações de deficientes e pacientes portadores de doenças crônicas, patrocinadores e autoridades devem trabalhar juntos para desenvolver um processo de aprovação eficiente, previsível e antes de tudo transparente. O atual ambiente regulató-rio deve e pode ser melhorado e aperfeiçoado, caso contrá-rio não resultará em benefícios tangíveis para o paciente, para a sociedade e a evolução médico-científica do país.
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